Introduction
Currently, the standard treatment for invasive bladder cancer without metastasis is considered to be radical cystectomy. However, the results of radical cystectomy are substantially influenced by the pathological stage and the presence or absence of lymph node metastasis at the time of surgery. The cause-specific survival rate has been reported to be favorable at ~70% when invasion was observed only in the tunica muscularis (pT2), whereas the rate was 30-40% when invasion into the surrounding adipose tissue was observed (pT3), and 20% when lymph node metastasis was noted (1) (2) (3) . In addition, after radical cystectomy, most recurrences were distant metastases, with only ~10% being local recurrences (4) . Therefore, it is more important to eradicate such micrometastases that cannot be identified by imaging rather than to increase local curability to improve the treatment results of radical cystectomy. Surgical resection is not sufficient for invasive bladder cancer with involvement outside the bladder wall or lymph node metastasis, and additional therapy is required.
Multi-drug combination chemotherapy with anti-cancer agents is commonly used to treat progressive bladder cancer that is unresectable or metastatic. M-VAC therapy is a typical chemotherapy regimen and has been the gold standard since Sternberg et al (5, 6 ) reported a response rate of 72% and a complete remission rate of 36%. However, subsequent studies have revealed that this therapy has a low response rate with a short duration of response, which lowers the prospect of long-term survival. In addition there is often concern about dose intensity because a large proportion of the targeted patients are elderly, and the high toxicity of the drug is a substantial physical burden to many elderly patients with bladder cancer (7, 8) . Moreover, at present, the standard treatment for M-VAC-resistant cancer has not been established. Therefore, the development of novel regimens ONCOLOGY REPORTS 18: 3-7, 2007 Potential for molecular-targeted therapy targeting human epidermal growth factor receptor-2 for invasive bladder cancer On the other hand, molecular-targeted therapies for cancer are drugs developed to target changes in genes and molecules that are characteristic of cancer. Conventional anti-cancer agents primarily affect the process of nucleic acid, DNA, and microtubule synthesis and exert anti-tumor effects. These agents, however, have limited effectiveness due to poor tumor selectivity, since they affect both normal and tumor cells. For conventional anti-cancer agents, therefore, the maximum tolerated dose without toxicity has been regarded as the optimal dose. However, molecular-targeted therapeutic drugs generally have a weaker toxicity than anti-cancer agents. Moreover, these drugs can be administered safely even to elderly patients, which has been emphasized as an advantage. Furthermore, these drugs can be used in combination with existing anti-cancer agents, and are superior in that they can be used as a tailor-made treatment by coupling them with the development of biomarkers.
In this study, we retrospectively examined human epidermal growth factor receptor-2 (HER-2/neu or HER-2) oncoprotein expression by immunohistochemical (IHC) staining using a Hercep test kit (Dako Cystomention A/S, Carpinteria, CA, USA), in order to investigate the potential for molecular-targeted therapy targeting HER-2 as an effective treatment for patients with invasive bladder cancer.
Materials and methods
Patients. This study included 40 patients who were examined at Aichi Medical University Hospital from January 2001 to December 2004, and were pathologically diagnosed with invasive bladder transitional cell carcinoma (pT2 to pT4). The diagnostic methods were radical cystectomy for 33 patients, and TUR-Bt for 7. The patients were 47-80 years old (median, 65; mean, 65.6±8.4 years), and 37 were male and 3 were female. The pathological grades were grade 2 and 3 in 3 and 37 patients, respectively. The stages were pT2, pT3 and pT4 in 29, 5, and 6 patients, respectively. The N classifications were pN0, pN1, pN2 and pNx in 23, 4, 6, and 7 patients, respectively. The histopathological grades were based on the World Health Organization (WHO) classification (12) , and the TNM classification (13) was used to evaluate primary tumors and lymph node metastases.
This study was approved by the Institutional Review Board at Aichi Medical University (no. 275), and every patient gave consent after being sufficiently informed before the HER-2 oncoprotein staining. Table I shows the characteristics of the 40 patients.
Immunohistochemical staining and evaluation method.
Paraffin sections, 5-μm thick, from bladder cancer samples taken during surgery were stained for HER-2 protein expression using a standardized Hercep test kit. The primary antibody in this assay was an affinity-purified rabbit polyclonal antiserum raised against an intracellular epitope of the human HER-2 molecule (Specification sheet: K5205, Dako, USA). The staining procedure included an antigen retrieval step consisting of a 40-min incubation in pH 6.0 citrate buffer (Target Retrieval, Dako) in a 99˚C water bath. Staining was performed using an automated staining apparatus for IHC staining (Autostainer, Dako) according to the manufacturer's guidelines. The slides were counterstained with hematoxylin. Each IHC experiment included a set of control slides. For the negative control, the primary antibody was replaced with an irrelevant, isotype-matched antibody to control for nonspecific binding of the secondary antibody reagent. The positive control slide consisted of sections of cell blocks of three breast cancer cell lines, SKBR 3, MDA-MB-175, and MDA-MB-231, which expressed 2.4 million, 92,000 and 22,000 HER-2 receptor molecules by Scatchard analysis, respectively, and corresponded to HER-2 scores of 3+, 1+ and 0, respectively. Histopathologic evaluation was performed, and the staining results were interpreted by two experienced pathologists and graded into four levels according to the classification of Carter et al (14) . We considered scores of >2+ as positive (Fig. 1) .
For statistical analysis, the Statistical Package for the Social Sciences (SPSS, Chicago, IL, USA) version 10.0 for Windows software was used. The Chi-square test was used to detect statistically significant differences between the groups, with a significance level of p<0.05.
Results
HER-2 staining in the primary tumors was determined to be 0 in 9 (22.5%) patients, 1+ in 14 (35%), 2+ in 10 (25%), and 3+ in 7 (17.5%). When 2+ and 3+ combined were determined as HER-2 overexpression, 17 ( 
of stage, 12 (12/22, 54.5%) pT2 patients, 2 (2/13, 15.3%) pT3 patients, and 3 (3/5, 60%) pT4 patients were HER-2 positive. Lymph node metastasis was observed in 10 patients, and 3 (3/6, 50%) pN2 patients were HER-2 positive. There was no statistically significant difference among the classifications. However, there was a significant trend in the stage classification although a statistically significant difference was not observed (p=0.05) (Table II) . In metastatic lymph nodes, HER-2 staining was determined as 0 in 7 (70%) patients and 3+ in 3 (30%), with no patient having 1+ or 2+. In addition, all primary tumors were grade 3, and HER-2 staining was determined as 3+ in all patients with HER-2-positive lymph nodes. There was a statistically significant difference between patients with HER-2-positive primary tumors and those with HER-2-positive metastatic lymph nodes (p=0.02) (Table III) . 
-----------------------------------------------------------------------------------------------------HER-2 positive HER-2 negative Total p-value -----------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------
Discussion
HER-2/neu (or HER-2) is a proto-oncogene located at chromosome 17q21, encoding a protein with a molecular weight of 185 kDa which has a transmembrane receptor structure. This protein is a tyrosine kinase-type cell surface receptor which has amino acid sequences similar to those of an epidermal growth factor receptor, and that cell differentiation and proliferation are stimulated by a ligand binding to an extracellular domain. Moreover, fundamental studies have shown that HER-2 overexpression induces cell transformation and that HER-2-positive tumors are more aggressive. With regard to the distribution of HER-2 in normal tissues, HER-2 is slightly expressed only in the liver, bile duct, gastrointestinal tract, skin, genital organs and urinary tract, with limited expression in most normal tissues (15) (16) (17) . Therefore, the potential for molecular-targeted therapy targeting HER-2 is of great interest.
Since Slamon et al (18) reported in 1987 the correlation between HER-2 (c-erbB-2) gene amplification and breast cancer with a poor outcome, HER-2 has been considered to be a poor prognostic factor in breast cancer. In addition, breast cancer with HER-2 overexpression has been reported to be resistant to hormone therapy (19, 20) , resulting in the establishment of treatment with trastuzumab (21) . Currently, the methods to analyze HER-2 in tissues include analysis of gene amplification, mRNA overexpression, and protein overexpression; however, possible methods for use on formalinfixed paraffin sections are IHC and fluorescent in situ hybridization (FISH).
Examination with gene amplification rather than with antigen expression is a more reliable method to identify patients with HER-2-positive breast cancer (22) . However, it is inconclusive whether the present results can similarly be applied to patients with cancer other than breast cancer, for example, patients with bladder cancer. Moreover, based on the report by Jacobs et al (23) which showed that the positive agreement rate was 91.1% by both IHC and FISH in 100 patients with breast cancer, we used the cost-effective IHC for analysis in this study.
In our study, the Dako Hercep test kit was used. In studies using rabbit polyclonal antibodies as those employed in the Dako Hercep test kit as the primary antibody, Sauter et al (24) reported HER-2 overexpression in 61 (43%) out of 141 patients. Underwood et al (25) reported HER-2 expression in 45 (51%) out of 89 patients with recurrence and in 9 (45%) out of 20 patients without recurrence. Furthermore, according to the report by Gardmark et al (26) , 55% (47/86) of primary tumors were HER-2 positive. These findings appear to be consistent with the present result that 42.5% (17/40) of patients were HER-2 positive. However, Wester et al (27) conducted a study on 21 patients with bladder cancer with metastasis and reported that 81% (17/21) of the primary tumors were HER-2 positive. This high frequency of HER-2 expression was attributed to the fact that the study population consisted of patients with known metastatic status and all tumors had a high grade of atypism. In addition, Miyamoto et al (28) and Sato et al (29) reported an important correlation between an increase in HER-2 expression and grade of atypism. However, there was no significant difference among grades in our study, likely due to the limited number of patients (3) with grade 2.
There are few reports on HER-2 and lymph node metastasis in bladder cancer. Gardmark et al (26) reported that 40% (34/86) of lymph node metastases were HER-2 positive and 72% (34/47) also had HER-2-positive primary tumors. In addition, Wester et al (27) reported that 67% (14/21) of metastatic lesions were HER-2 positive, and all patients with HER-2-positive metastatic lesions also had HER-2-positive primary tumors. However, they also reported that 3 patients (14%) had HER-2-negative metastatic lesions despite having HER-2-positive primary tumors. Moreover, they reported that 8 (89%) out of 9 patients with local lymph node metastases were HER-2 positive as compared to 6 (50%) HER-2-positive patients among 12 with distant metastases, and they stated that HER-2 expression tended to vary between local and distant metastases. This finding is notable, and we think it should be examined in a larger number of patients. Our results also showed that 30% (3/10) had HER-2-positive metastatic lymph nodes; these 3 patients also had HER-2-positive primary tumors. In this study, we did not search for HER-2 expression in patients having no metastasized lymph nodes, although HER-2 expression can also be seen in patients with negative lymph node metastases. Therefore, patients with negative lymph nodes should also be studied in the future.
Different results may be produced as a result of differences in procedures to evaluate HER-2 overexpression, including the storage conditions of antigens, types of antibodies used, and methods for antigen retrieval when investigating HER-2 expression in bladder cancer. Thus, we believe that a consistent method should be used for evaluation. We performed IHC using a Dako Autostainer to avoid procedural differences as much as possible in this study. However, further study is required to determine whether our results can be applied to bladder cancer, because the positive controls for the Hercep test kit are breast cancer cell lines. We, however, used this kit employing the determination method described by Carter et al (14) , since detection of HER-2 using the Hercep test kit is a criterion to predict the therapeutic effectiveness of trastuzumab for breast cancer.
Trastuzumab is a human monoclonal antibody against the outer cell membrane of the HER-2 receptor. By binding to the receptor, this drug blocks subsequent signals to the receptor, inhibits cancer growth, and produces an anti-tumor effect, Table III . HER-2 expression in primary tumors and lymph node metastases. Negative  ----------------------------------------------- ------------------------------------------------ p=0.02. Patients with lymph node metastases (n=10).
-------------------------------------------------Primary tumors ----------------------Positive
-------------------------------------------------representing a molecular-targeted therapeutic drug targeting HER-2. Our results suggest that 42.5% of patients with invasive bladder cancer may benefit from this drug, and that the efficacy of this drug can be expected even in patients with lymph node metastases, as long as their primary tumors are HER-2 positive. Further clinical studies on various phases are needed to establish an effective treatment with trastuzumab for bladder cancer.
